Introduction
Patients with the greatest disease burden are often those with the least ability to understand and use health information. 1 Health literacy is defined as the degree to which individuals can obtain, process and understand basic health information and services needed to make appropriate health decisions. 2 Literacy affects patients' abilities to follow physician instructions, take medication, understand health related information, learn about disease prevention and learn self-management skills. 3 Low health literacy is estimated to cost the U.S. economy $106-$238 billion annually. 4, 5 The Institute of Medicine estimates that 90 million American adults have some level of difficulty comprehending written health information. 2 Studies have found that health related documents such as discharge instructions, consent forms and medical education brochures are written at levels that exceed patients' reading abilities. 6 To address health literacy, the Institute of Medicine and the U.S. Department of Education have recommended that health related information be written at the 6th-8th grade level or below. 2, 7 Epilepsy negatively affects social, vocational and psychological function for many individuals. Therefore, it is not surprising that persons with epilepsy (PWE) in large epidemiological surveys report lower educational attainment, lower annual income and poorer health status when compared to the non-epilepsy population. [8] [9] [10] [11] [12] These findings strongly suggest PWE are at risk for low health literacy. In response, the 2007 American Epilepsy Society meeting held a special interest group session in conjunction with the Centers for Disease Control titled ''Health Literacy: Implications for Epilepsy''. The session brought attention to the topic, but also highlighted the lack of health literacy research in the field of epilepsy.
Patient education is an important component of quality care and is considered a therapeutic outcome in patients with epilepsy. 13 A recent article by a panel of epilepsy experts in
Neurology titled ''What constitutes high quality of care for adults with epilepsy?'' identified ''Provide patients with references to information about epilepsy through the Epilepsy Foundation and/ or epilepsy Web sites'' as the number one quality indicator for Current healthcare guidelines identify low health literacy as a major barrier to optimal health communication. Health literacy is defined as the degree to which individuals can obtain, process and understand basic health information and services needed to make appropriate health decisions. adults with epilepsy. 14 Despite this, patients with epilepsy are often ill informed about the management of their disorder. 15, 16 There is a desire for enhanced epilepsy education by patients and caregivers, however, these needs have not been met by primary or specialty care. 17 In the clinic setting, 90% of PWE indicated they wanted to receive more information about epilepsy than what had already been given to them. 18 However, 20% of epilepsy web forum users remarked that a health-care provider had not met their information needs. 19 This disconnect has prompted many people to seek health information through the Internet. In 2000, >50 million people in the U.S. accessed health information online 20 and this has grown to >113 million people in 2006. 21 Internet use rises dramatically with increases in educational attainment and is significantly lower in households reporting a health problem or disability (16% in persons aged 15-64 and 5% in persons over age 65). 22 It is also lower for minorities and those with low incomes. 23 In the clinical setting, the Internet can be an important tool for overcoming patients' limited access to the Internet. However, this requires not only large scale Internet access but also the need to have reliable and easy to read health information available on the Internet. Previous assessments of health literacy on the World Wide Web found higher than suggested grade levels for cancer websites, pediatric patient education materials, asthma websites and mental health brochures. 7, [24] [25] [26] [27] As part of improving health communication, U.S. national guidelines Healthy People 2010 stated ''Closing the gap in health literacy is an issue of fundamental fairness and equity and is essential to reduce health disparities'' and recommend that efforts should focus on the development of appropriately written materials. 28 It is important that healthcare providers recognize a patient's need for epilepsy information to avoid treatment barriers that result from poor patient-provider communication. 29 Previous research found that non-epilepsy patients forget half of what they have been told in a medical consultation after 5 min and only 20% retain such information. 30 Improvements of 50% in retention occur when supplemental printed information is given to patients. 31, 32 Content that could be printed and given to patients addresses an important need in clinical epilepsy care. This project was designed to evaluate the health literacy level of the epilepsy.com website. The epilepsy.com website is a comprehensive and credible resource that has been designed for persons with epilepsy and their families by epilepsy professionals. It is estimated there are 180,000-200,000 visitors to the site per month with over 1 million pages viewed each month. An objective readability assessment of the website could help in the creation of easier to read materials. Such materials could be accessed online by patients and printed by healthcare practitioners for patients in the clinical setting.
Methods
Two online programs were used to assess the reading level of the epilepsy.com website www.epilepsy.com using established readability formulas. The Flesch-Kincaid (FK) reading grade level 33 , the Flesch Reading Ease (FRE) 34 and the Forcast Grade Level (FGL) 35 were calculated through the University of Texas'
Accessibility Institute online at: http://www.lib.utexas.edu:8080/ TxReadability/app. The second online program was the Simple Measure of Gobbledygook (SMOG) 36 available at: http://www.harrymclaughlin.com/SMOG.htm. These readability formulas are ideal since they provide the widest range of educational level and they have the ability to match scores to actual education level. In general, readability calculations are made based on sentence length, number of sentences and the number of syllables per word. A complete description of the formulas is available in our previous article. 37 Output data from the readability assessment websites was imported into a Microsoft Word document. Data for each web page was then manually inputted into Microsoft Excel and imported into SPSS v16.0 for data analysis. Educational content was divided into sections based on the epilepsy.com home page. The sections cover: all about epilepsy and seizures, diagnosis, treatment, families/caregivers, living with epilepsy, specific populations (children, teens, women and seniors), resources, seizure preparedness and treatment. Content in the treatment section includes web pages specific to many of currently available antiepileptic drugs (AEDs). Since these are defined as ''basic'', ''intermediate'' or ''professional'' they were analyzed separately from the other content areas so that the ''professional' pages would not negatively influence the overall readability scores. An analysis of all the web pages, based on the FRE, is also provided in order to make comparisons with our previous evaluation of the Epilepsy Foundation website.
Results

General content areas
A total of 1327 web links were assessed. Analysis of the main content categories (all about epilepsy and seizures, diagnosis, treatment, families/caregivers, living with epilepsy, specific populations, resources, seizure preparedness and treatment) reveal content that is consistently higher than the recommended 6th-8th grade level range, see Table 1 . Mean grade level (SD) results for the content specific pages (n = 595) were 10.9 (0.5), 11.0 (3.0) and 12.8 (2.4) for the FGL, FK and the SMOG assessments respectively. The mean (SD) FRE score was 47.5 (15.7) which falls in the ''difficult'' to read range (high school or some college). 
Antiepileptic drug (AED) specific materials
Analyses comparing the three levels of content (basic, intermediate and professional) for AED specific materials (n = 733) were statistically different: FK (F = 41.53, p 0.001) (see Table 2 ). While differences here are to be expected, the ''basic'' content is still much higher than recommended levels. Mean grade levels for some of the ''basic'' pages even exceed those categorized as ''intermediate''.
Flesch Reading Ease assessments
FRE assessments and categorizations, by estimated school grade completed, reveal only 3% of the epilepsy.com website content was written at or below the 6th grade level (see Table 3 ). If an 8th grade level is used as the cut off, only 15% of the web content met readability standards.
Discussion
Results of this investigation reflect what is seen in most medical websites and highlights the need for accessible patient information written in a clear and concise manner. Web-based health information written at a level that exceeds a significant portion of the population may work to support disparities in care, especially for those with lower educational levels and incomes who are far less likely to have Internet access.
Previous research found up to 30% of PWE did not understand aspects of their medication regimens. 38 This has prompted a call to address the effects of health literacy on medication compliance in epilepsy. 39 While a link between adherence and health outcomes makes sense, the potential pathways are complex and involve interactions between important environmental and clinical factors such as socioeconomic status, exposure to reading, educational opportunity, learning potential, knowledge of self care and health behavior. 40 At the present time no epilepsy studies have examined the impact of low health literacy on health outcomes. Studies in other healthcare areas have found a strong relationship between low health literacy and poor health-related knowledge. However, mixed results have been found in examinations looking at the impact of health literacy on health behaviors (smoking rates, dietary patterns, self-care), intermediate metabolic markers of disease (cholesterol levels, body weight, blood pressure) or disease severity. 41 A recent self-management study for patients with heart failure found an educational intervention geared towards those with low literacy resulted in lower rates of hospitalization and death for patients at all literacy levels with the greatest difference being in those with low literacy. 42 Similarly, a diabetes selfmanagement program using educational materials written to address the needs of those with low literacy, as well as brief counseling sessions, found clinically and statistically significant improvements in self-efficacy, diabetes-related distress, selfreported behaviors and knowledge across all literacy levels. The epilepsy.com website has attempted to balance the need for basic information and more advanced content with regards to AEDs. However, in its present state the ''basic'' content from the AEDs section is still written several grades above recommended standards. Fortunately, the epilepsy.com site does containa set of pdf-based AED educational pamphlets that do meet recommended literacy guidelines. The pamphlets also contain blank spaces for the patient's name, date, doctor's name, emergency phone number, pharmacy phone number and dosing instructions. This gives practitioners the ability to customize the materials to each patient. This is the second study to assess the readability of web-based patient education information for epilepsy. Using the same objective measures of readability, we found only 6% of the Epilepsy Foundation web pages were written 6th grade reading level as suggested by the Institute of Medicine. If U.S. Department of Education guidelines of 8th grade are used as the standard, only 17% of the EF web pages were appropriate 37 . Higher than recommended readability levels have also been found in printed patient education brochures for epilepsy. 44 Similar results for readability have been found in previous reviews of cancer websites, 45, 46 printed pediatric education brochures 25, 47 and web-based information for adolescents and adults with mental illnesses. 27 
Recommendations
Treatment regimens for chronic illnesses like epilepsy continue to become more complex. Patient materials that use medical terms foreign to the general public are less effective and often have little in the way of behavioral aspects needed to improve a person's confidence to take care of their health (self-efficacy). 48 Methods recommended for improving health communication include: (1) simple wording and short sentences, (2) information limited to key points, and minimizing disease statistics, anatomy and physiology, (3) focus on key actions and desired behaviors, (4) use of picturebased information and (5) color coding of tabular information to improve successful use of the information by patients. 49 More widespread adoption of these methods may in turn help improve health outcomes for persons with epilepsy, who are likely to have limited Internet access. Fortunately, with web-based content such revisions could be easily made as compared to pre-printed handouts, booklets or tri-fold pamphlets.
To address health literacy, three levels content (basic, intermediate and advanced) would be appropriate for more areas of the website. This would give practitioners the ability to print materials for those without Internet access. Previous research indicates even good readers prefer simpler rather than more complex information. 50, 51 Therefore, patients are not likely to feel ''talked down to'' if parts of the website are revised to reflect the recommended standards. The development of three levels of information may, however, lead to a website that is more complex and difficult to navigate for both patients and practitioners. One way to overcome this may be to develop an online tool that prescreens viewers for content preferences. This would help web designers create targeted sections within an existing site or even a separate site to minimize unnecessary clicking and searching by viewers.
A recently developed clinical tool called the Single Item Literacy Screener (SILS) has been found to identify patients who need help with reading health related information with 54% sensitivity and 83% specificity. 52 The SILS asks, ''How often do you need to have someone help you when you read instructions, pamphlets, or other written material from your doctor or pharmacy?'' The SILS is very brief and therefore practical for use during a routine clinical encounter. The SILS has the potential to improve outcomes by helping patients and clinicians quickly identify appropriate health education information for chronically ill individuals with limited reading ability. 52 To demonstrate how the information could be re-written, we provide examples of the current content followed by a presentation of revised content. The following content titled ''Seniors with Epilepsy'' under the Seniors section of the website would be considered inappropriate for many readers. Grade level was assessed at 13.8 for the FK and 14.6 for the SMOG:
''Epilepsy spares no age group. Although epilepsy is often considered a disorder of childhood, it can begin at any age, and in some people it persists from childhood to old age. The rate of newly diagnosed epilepsy is actually higher in elderly people than in middle-aged adults. As in younger people, the cause of epilepsy that begins in an elderly person cannot be determined in about half of the cases. Of those in whom the cause can be determined, the largest number of cases (about 33%) are caused by stroke, often a small one that did not cause other symptoms. Degenerative disorders such as Alzheimer's disease cause about 11%, tumors (either benign or malignant) lead to about 5%, head injury causes about 2%, and infection gives rise to 1%. Although alcohol abuse is not considered a major cause of epilepsy in the United States, a study in Denmark found that it was very often associated with newly diagnosed epilepsy in adults.
The elderly are more sensitive than younger people to a variety of mental, physical, and environmental stressors. They are also more likely to develop many medical, neurological, and psychiatric disorders, some of which can make seizures more likely to occur. Such disorders include metabolic changes such as very high or very low blood sugar, very low sodium levels, and endocrine disorders (for example, diabetes, thyroid or parathyroid disorders).''
The following revised ''Seniors with Epilepsy'' content had grade level assessments of 5.8 for the FK and 8.7 for the SMOG and is more in line with recommended reading levels. For the elderly, appropriately written content is of particular concern as U.S. census data indicate more limited education in this population 37 : ''Epilepsy affects people of all ages. People can get epilepsy as a child or as an adult. More people get epilepsy as senior citizens. The doctor will not know the cause of epilepsy in half the people they see. They do know that small strokes can cause epilepsy. Major memory loss (Alzheimer's) and cancer in the brain are also risk factors for epilepsy. Head injuries and bad infections can also cause seizures. People who drink too much alcohol may get epilepsy.
Older people may be more affected by stress. This can also lead to poor health and make you feel depressed. If you feel this way please tell your doctor. High levels of sugar in your blood or problems with your weight going up or down can cause seizures too. Tell you doctor if you have any of these problems.''
The following example titled ''Therapy Options'' from the Mood and Behavior section of the website had a FK level of 16.9 and a SMOG level of 17.7. This passage is rich with advanced medical terminology and primarily focuses on knowledge and not behavior:
''Therapy for cognitive and behavioral disorders in patients with epilepsy treats symptoms, not the underlying seizures or epilepsy. Our symptom-based therapies reflect the limits of our understanding of epilepsy pathogenesis and progression, of ways to translate known mechanisms into therapy, and of strategies to reverse the physiological or structural changes that underlie the epilepsies. Moreover, health care providers often underestimate the impact of patients' stressors, environment, family, and fears. Therapeutic opportunities are thereby missed. Diagnosis and therapy must be balanced, with emphasis on the patient and their mental and emotional world, as well as the underlying neurobiology.
Therapy for cognitive and neurobehavioral symptoms is similar across neurologic disorders. Anxiety, depression, aggression, and psychosis appear to respond to the same pharmacotherapies regardless of whether the patient has epilepsy, stroke, or multiple sclerosis.
Clinical features such as the patient's age, comorbid disorders (e.g., cardiac arrhythmia, migraine), concurrent medications, and response to prior therapies may be more important therapeutic guides than the specific neurologic disorder. Adverse-effect profiles are very relevant, with concerns regarding the effects of psychotropic drugs on seizure threshold and interactions with AEDs.''
The ''Therapy Options'' content was revised to have a FK level of 5.1 and a SMOG level of 8.7. In the revised content we were able to significantly reduce the use of sophisticated medical terminology. We were also able to include behavioral aspects focused on improving patient-provider communication:
''Current medicines for mood may help you feel better. They do not cure you of epilepsy. We are always interested in finding a cure. Many scientists are working on this. Your doctor may not realize how much stress affects your life. It is important to tell your doctor about things that make your seizures worse. This way the doctor can find the treatment that is best for you.
There are medicines that help people when they are nervous, sad or angry. These medicines tend to work no matter what health problems you have.
When the doctor decides what medicine to give you they look at how old you are. They want to know about other health problems you have. They also want to know about other medicines you take. This is why it is important to tell the doctor about all the medicines you take. It is also important that you tell the doctor what side effects you have. Medicines that help your mood may interfere with the medicines for your epilepsy. They can also make some medicines for seizures not work as good.''
The examples provided above demonstrate that content can be easily revised. However, considering the complexity of some aspects of epilepsy it is also true that some concepts (mechanisms by which AEDs work or how you judge treatment efficacy) may be more difficult to re-write into simpler terms. However, much of this difficulty likely arises due to our own comfort as health professionals with complex medical jargon. In most cases complex concepts related to anatomy, physiology, biochemistry, etc. are not of interest to patients. In addition, clear health communication principles recommend avoiding a discussion of such advanced concepts.
A key step in the development of health education materials is that they be evaluated by individuals from the target group. In addition, health educational materials also need include pictures, drawings or actors representing various ages, genders, ethnic groups and body types which are needed for materials to be personally relevant to diverse patients. 53 Importantly, healthcare practitioners need to recognize that patients with low health literacy are difficult to identify without formal literacy assessments. In one study, physicians correctly identified only 20% of patients with low health literacy. 54 More studies are needed to determine if the association between low health literacy and poor health outcomes is the result of a direct or indirect effect. Direct effects would suggest that health outcomes could be improved by interventions that overcome limitations in health related literacy. Indirect effects on the other hand may be better addressed by interventions that affect underlying causes of health disparities such as poverty, access to care or racism. 41 
Limitations
While the reading assessment tools we used are well established, they do not substitute for an assessment of readability with actual persons with epilepsy. The readability assessments used in this study were designed for general text, not medical related text, so it is possible these tools could be over estimating readability scores. One major drawback of many word processing readability programs (except for the SMOG assessment) is that the number of syllables are estimated. 46 Readability formulas do not take into account features that are critical to people's ability to understand and use documents such as appropriateness or accuracy of content, organization of a document or graphics and typography. 55 Lower scores on readability formulas can be achieved by shortening sentences and words, however, it is important to recognize that this method will not necessarily make the sentences and words easier to understand. 55 
Conclusions
The epilepsy.com website has well-written educational content available for both patients and healthcare practitioners. The epilepsy.com website, like most web-based content, is appropriate for a large number of Internet users since they tend have higher educational attainment. However, previous research indicates even good readers prefer simpler rather than more complex medical information. Presently, 85% or more of the epilepsy.com content does not meet recommended reading levels (6th-8th grade), as suggested by the Institute of Medicine and the U.S. Department of Education. Web-based health information written at a level that exceeds a significant portion of the population may work to support disparities in care. With more than 90 million U.S. adults having poor health literacy, significant editorial changes are needed, especially if content from the epilepsy.com website is recommended to patients or printed for patients as health education materials in the specialist clinic setting.
